neutrophil gelatinase (an enzyme of the matrix metalloproteinase group -collagenase IV of 92 kDa, contained in neutrophils) [2] . In addition to excretion by activated neutrophils, NGAL may also be released in small concentrations by epithelial cells, kidney tubular cells, and in the case of inflammation or injury also by hepatocytes [3] . It is also present in endothelial cells and macrophages. High levels of NGAL were also documented in adipocytes potentially related to insulin resistance in obese people [4] . NGAL levels depend on gender, age and liver function and they correlate with inflammatory parameters.
NGAL is an important part of natural antibacterial immunity. Its bacteriostatic properties are determined by the attachment to bacterial siderophores, by which it prevents bacteria from acquiring iron from the surroundings [3] . Therefore, it occurs in the tissues which are normally exposed to the external environment, such as respiratory, gastrointestinal and urinary tract. During the development of kidneys, NGAL supports epithelial differentiation of mesenchymal stem cells, which results in the formation of glomeruli, proximal tubules, the loop of Henle and distal tubules [5, 6] .
The expression of NGAL is greatly increased in cases of damage of epithelial cells of the kidneys, large intestine, liver and lungs. This is probably mediated by a group of transcription factors denoted as NF-κB which are able to quickly activate epithelial cells following acute damage [7] . An important function of NGAL is the formation of a complex with matrix metalloproteinase 9 (MMP-9), which slows down the inactivation of MMP-9 by tissue inhibitors of matrix metalloproteinases (TIMP-1) and results in a longer effect of the proteolytic activity of MMP-9. Prolonged activity of MMP-9 participates in the degradation of collagen [8, 9] . The formation of NGAL is often induced in a number of human tumours such as adenomas and inflamed epithelia of the bowel [10] , adenocarcinomas of the breast [11] and urothelial carcinomas [12] . NGAL itself may then participate in the invasive behaviour of tumours. NGAL is a predictor of poor prognosis [13] [14] [15] .
NGAL -a biomarker of kidney injury
Plasma NGAL is freely filtered through the glomerular membrane and almost completely reabsorbed by endocytosis in the proximal tubule. The detection of NGAL in urine is only possible when the proximal tubule has been damaged and the reabsorption is thus impaired, or when the de-novo synthesis of NGAL is markedly increased. Studies of NGAL gene expression in acute renal impairment have shown a quick and massive up-regulation of NGAL mRNA in the distal nephron, in particular in the ascending limb of Henle's loop and in the collecting duct. The resulting synthesis of the NGAL protein and its secretion in the distal nephron therefore apparently form the major part of the NGAL detected in urine. Increased expression of NGAL in the distal tubule and its rapid secretion into the lower urinary tract corresponds with its antimicrobial function and the promotion of cell growth. In relation to the plasma level of NGAL, however, the kidneys do not appear to be its primary source. Samples of ipsilateral renal vein after unilateral ischemia during animal studies have shown that NGAL synthesised in the kidneys is not released into the bloodstream, but is present in a sample amount in the ipsilateral ureter [16] . Acute kidney injury causes increased expression of NGAL mRNA, particularly in the liver and lungs. A newly formed NGAL protein is released into the circulating blood and represents the majority of the 'NGAL system pool'. Another part of systemic NGAL comes from neutrophils and monocytes, as it is the reactant of the acute phase and during an immune reaction it is released into the systemic circulation by these cells [17] . Decreases in GFR resulting from renal impairment lead to a decrease in renal clearance of NGAL and its subsequent accumulation in the systemic circulation. The exact participation of these mechanisms in the rise of NGAL plasma levels has not yet been established. Significant information in this respect is that NGAL concentration in the blood and urine increases as quickly as two hours after renal impairment (ischaemic, nephrotoxic or septic). An increase in the concentration of NGAL thus precedes an increase in the amount of creatinine in the serum by 12 to 24 hours [18] . For example, in diagnostics using a contrast medium in induced nephropathy, it is possible to determine NGAL levels as quickly as two hours after application of the contrast medium in the urine as well as serum (sensitivity 71%, specificity 100%) [19] .
Several studies have demonstrated a correlation between NGAL levels and poor clinical outcomes, including worsening of AKI, the need for renal replacement therapy and mortality. Analysis of pooled data from 2322 critically ill patients revealed that in a group of patients without of AKI (according to conventional definition based on increased level of serum creatinine) elevated levels of NGAL identified patients with increased risk of subsequent renal replacement therapy (0.0015% vs 2.5% ;odds ratio 16.4, p < 0.001) and hospital mortality (4.8% vs 12.4%) [20] . In the absence of diagnostic increases in serum creatinine, NGAL so detects patients with likely subclinical AKI and increased risk of adverse outcomes [21] [22] [23] [24] .
Urinary NGAL could be a sensitive and early indicator of gentamicin nephrotoxicity. Significant changes occurred within 24 h, before changes in serum creatinine [25] .
In patients with chronic renal insufficiency, NGAL levels correlate with the severity of renal impairment, serum creatinine level, glomerular filtration (GFR), and proteinuria. Nevertheless, it must be noted that the relative increase in plasma NGAL is generally much lower than is usual in acute kidney injury [26] .
NGAL as a biomarker of acute kidney injury possesses almost all the ideal characteristics of a biomarker: it is easily obtained from a blood or urine sample, it is measurable by standardised laboratory methods, it is sufficiently sensitive for early recognition of renal impairment, and its dynamic range and cut-off values are broad enough to allow stratification of risk. A disadvantage of NGAL as a biomarker of acute renal impairment is that the level of plasma NGAL may be simultaneously affected by other medical conditions such as hypertension, systemic inflammatory diseases, anaemia, ischemia or malignancy [13, 27] .
For example, sepsis limits the diagnostic utility of NGAL in critically ill septic patients. Sepsis itself is an important inducer of blood and urinary NGAL expression (NGAL originates not only from the injured kidney, but also from leucocytes and the liver). Plasma and urinary NGAL levels are substantially higher in patients with septic AKI compared to non-septic AKI [28] .
NGAL and cardiovascular diseases
In cardiovascular diseases, there may be more mechanisms causing elevated NGAL levels, and they may be active in several ways. Increased levels of NGAL were found in patients with hypertension compared to those with normal blood pressure, which were related to renal function (expressed by glomerular filtration and the level of creatinine or cystatin C), age and the duration of hypertension [27] . In a group of hypertonic patients with atherosclerosis of carotid arteries, a correlation between serum NGAL level and diastolic blood pressure (and age) was found [29] .
In the case of atherosclerotic arteries, NGAL may play a part in vascular remodelling and the instability of atherosclerotic plaques. The presence of NGAL has been documented in the vascular media, both in its free form and in a complex with MMP-9. As mentioned above, the formation of a complex of NGAL and MMP-9 prevents degradation of MMP-9 and reinforces its proteolytic activity which can take part in the formation of an unstable atherosclerotic plaque. This complex is located in atherosclerotic plaques and its increased concentration has been detected in plaques with intramural haematoma and central necrosis [30] [31] [32] [33] . NGAL serum levels are significantly higher in patients with angiographically-confirmed CAD compared to controls with normal arteries [34, 35] .
Elevated levels of serum NGAL have been found in patients after an acute cerebrovascular accident (stroke, TIA) and lasted up to one year [36] .
Increased NGAL expression also occurs in patients suffering from acute myocardial infarction. It may be considered as an active mediator of post-ischaemic inflammation and the remodelling reaction. The level of NGAL is increased in the necrotic zone of the infarction and in the surrounding healthy tissue. The serum level of NGAL increases simultaneously, as compared with healthy individuals. It has been established that significantly higher NGAL levels following MI predict an adverse outcome. Lindberg et al. demonstrated in patients with STEMI that high NGAL upon admission (> 75th percentile) independently predicted all-cause mortality (hazard ratio: 2.00; 95% CI: 1.16 to 3.44; p = 0.01) and major adverse cardiac events (MACE) defined as cardiovascular mortality and admission due to recurrent myocardial infarction or heart failure (hazard ratio: 1.51; 95% CI: 1.00 to 2.30; p = 0.05) [37] . A comparison of actual levels of NGAL in patients with different cardiovascular diseases is shown in a Table 1 .
Apparently, NGAL plays a role in the pathogenesis of heart failure. The activation of neutrophils and the subsequent release of NGAL participate in the development of inflammatory reactions during the course of heart failure. Remodelling of the left ventricle, which leads to the development and the progression of heart failure, is a very complex process, which not only involves changes in cardiomyocytes, but also changes in the extracellular matrix. Activated metalloproteinases are important mediators in this process. In their study, Yndestad et al. demonstrated that patients with heart failure following MI, as well as patients with chronic heart failure of any other aetiology, had elevated serum levels of NGAL that significantly correlated with their clinical and neurohormonal deterioration. In a rat model of post-MI heart failure, NGAL/lipocalin-2 gene expression was increased also in the non-ischaemic part of the left ventricle primarily located to cardiomyocytes [38] .
Conclusion
NGAL as diagnostic marker: Elevated NGAL level as an early blood-based marker of AKI is detectable within 2-12 hours after an ischemic/toxic insult in patients with cardiovascular diseases. Although NGAL in urine and in serum have a somewhat different origin, both are useful for early diagnosis of AKI. A widespread use of NGAL in a clinical practice is limited by absence of prospective studies demonstrating that early diagnosis of AKI using NGAL compared with creatinine leads to improved prognosis of patients and reduced treatments costs (evidence-based laboratory medicine).
NGAL as prognostic marker: Elevated levels of NGAL have been detected in patients with acute myocardial infarction, heart failure and after a cerebrovascular attack and prognostic significance of increased NGAL was clearly demonstrated. A general clinical utility for an identification of high risk patients that would allow target increased medical care and efficient use of resources just for their care remains to be shown. 
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